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Abstract
Pomegranate fruit is very susceptible to storage conditions, and it losses weight and qual-
ity during long storage periods. The aim of the present study was to determine the effects 
of modified atmosphere packaging (MAP), storage duration, and fruit size on some qual-
ity attributes of Wonderful pomegranate cultivar. Results indicated that there is a clear 
relationship between the fruit weight and number of arils (R2, 0.948) as expected. On the 
other hand, a significant relationship also exists between the number of arils and aril 
weight (R2, 0.973). According to the results, it is also possible to estimate the juice content 
of pomegranate fruits by its aril weight (R2, 0.994) and also from the fruit weight. Results 
also showed that modified atmosphere packaging has a clear effect on the protection of 
fruit weight. The loss in the fruit weight after 90 days of storage is found to be between 
6.70 and 14.28% without MAP and between 2.64 and 6.24% with MAP. Similar results 
have been determined for aril weight and juice content. The other important result of 
the present study is that fruit size significantly affects the weight loss. The bigger fruits 
showed higher weight loss. No significant effect has been determined on the total soluble 
solids content of fruits for neither different sizes nor different storage conditions.
Keywords: pomegranate, Wonderful, storage duration, modified atmosphere packaging, 
fruit size
1. Introduction
Pomegranate plant is among the oldest known cultivated crops. According to Ref. [1], domes-
tication of pomegranate tree dates back to 3000–4000 BC in the North of Iran and Turkey. 
Pomegranate fruits are classified under the group of berries. Diverse number of arils are 
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found within the pomegranate fruit wrapped to the inside of leathery peel [2]. Pomegranates 
are reported to be originated from Central Asia [3, 4]. However, pomegranate tree is adapt-
able to a wide range of climate and soil conditions. The trees can grow in many different 
geographical places including the Mediterranean Basin, California, and Asia.
Pomegranate fruits are traditionally known to be very beneficial for human health, but its 
consumption was limited because of the hassle of extracting the arils from the fruit. According 
to Ref. [5], Hippocrates (400 BCE) used pomegranate extracts for many purposes, such as aid 
to digestion and eye inflammation. Since the beginning of the twenty-first century, many 
scientific studies have been done about the health benefits of pomegranate. Besides to fruits, 
flowers, bark, and leaves of pomegranates may contain beneficial phytochemicals which are 
antioxidant and antimicrobial, reduce blood pressure, and act against serious diseases such 
as cancer and diabetes [6].
Confirmation of the health benefits of pomegranates caused an improvement in the pub-
lic awareness, and this caused an increase in the pomegranate consumption in the world. 
Therefore, production of this highly beneficial fruit started to increase to meet the increasing 
demand. Pomegranate plant is produced throughout the world in subtropical and tropical 
areas. The harvesting period of pomegranate extends from August to November in the north-
ern hemisphere and from March to May in the southern hemisphere. There is a year-round 
demand for pomegranate fruit throughout the world and its global availability is being met 
by postharvest storage [2]. However, pomegranate fruit is very susceptible to storage condi-
tions, and it losses weight and quality during long storage periods. The main challenge of 
pomegranate fruit producers and marketers is maintaining postharvest quality. One of the 
main postharvest problems of pomegranate fruit is weight loss. Long and inappropriate stor-
age causes huge losses not only on weight but also on fruit quality and income of the farmers. 
Weight loss also causes hardening of the husk and browning of the rind in which they reduce 
the attractiveness of fruits [7]. The weight loss of pomegranate fruit is reported to reach up to 
32% in 8 weeks if stored at 22℃ [8]. Many scientific studies were conducted about the favor-
able conditions for pomegranate storage in terms of prevention of weight loss, and they sug-
gest 5–7℃ and >90% relative humidity for the reduction of weight loss [9–11].
Modified atmosphere packaging (MAP) is a way of extending the shelf life of fresh food prod-
ucts. It helps to protect postharvest quality while reducing the weight loss. In a MAP system, 
there is a change in the concentration of gases in the packaging headspace due to the dynamic 
interaction between the metabolic and biochemical processes of the packaged product. When 
fresh produce respire, O
2
 is consumed, and CO
2
, ethylene, and water vapor are generated; 
and transfer of all of these gases through the packaging is regulated in MAP. The aim of the 
system is to balance these two processes to provide favorable conditions to preserve the prod-
uct [7, 12, 13]. MAP is reported to be successful for the prolongation of storage duration of 
pomegranate fruits up to 3 months while reducing weight loss [8, 14, 15]. However, according 
to authors’ knowledge, no studies were conducted about the combined effects of fruit size and 
modified atmosphere packaging. In the light of this information, the present study was aimed 
to determine the combined effects of fruit size, storage duration, and storage conditions on 
the pomological characteristics of Wonderful pomegranate cultivar.
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2. Materials and methods
2.1. Materials
The main material of the present study was the Wonderful cultivar pomegranate fruits. This 
cultivar originated in Florida. The fruits are large when compared with most of other variet-
ies/cultivars with a color of deep purple-red fruits. The fruit’s inside is a deep crimson in 
color. The fruit is juicy and has a tart taste. The seeds are not very hard. This cultivar is bet-
ter for fresh eating and juicing. It is a leading commercial cultivar in California and is the 
most popular cultivar in the world. It has a ripening Brix of 17–21%. The fruit requires about 
160–180 days from flowering to ripening [2]. Fruits of Wonderful cultivar pomegranate were 
harvested at commercial maturity in October 2016 from 8 years of pomegranate trees grown 
in Cyprus. After harvest, fruits were classified by professional workers according to EU stan-
dards, and “extra” quality fruits were used in the experiments.
The other material of the study was the modified atmosphere packaging (MAP) bags. The 
MAP materials are purchased from Dekatrend Ltd. with the brand of Trendlife®. The mate-
rial allows the CO
2
 composition inside the package to be 9–15% and O
2
 composition 6–10%. 
Trendlife® bags are reported to be manufactured from a semipermeable film which controls 
gas exchange. The film is based on the activity of several intelligent molecules placed inside 
the film. These molecules allow O
2
 to enter the package at a rate offset by the consumption O
2
 
by the commodity. Similarly, the film makes it possible for CO
2
 to be vented from the pack-
age to offset the production of CO
2
 by the commodity. The film, on the other hand, vents the 
released ethylene gas from the package, thereby eliminating the possibility of acceleration of 
repining, senescence, deterioration, and decay. It also enriches the modified atmosphere with 
sufficient relative humidity and completely inhibits the weight loss.
2.2. Experimental design, treatments, and measurements
Fruits with five different sizes (4″, 6″, 8″, 10″, and 12″) were subjected to three different storage 
durations (the main plots: 0, 45, and 90 days) and two different storage conditions (the subplots: 
control and modified atmosphere packaging). The fruit sizes are standard sizes for boxes with 
dimensions of 30 × 40 × 12 cm. Experiments were carried out with five different sizes of fruits 
with three replicates for each, and fruits were arranged in split-split plot design in a cold store 
with 5–7℃ and 90–95% relative humidity. At the first day of harvest, fruit weight (g), fruit diam-
eter (mm), number of arils, aril weights (g/100 arils), juice content (ml/100 arils), and total soluble 
solids (TSS) content (%) were measured and noted for the 0 day main factor. For the other two 
factors (45 and 90 days), fruit diameters (mm) and fruit weights (g) were measured at the first 
day of harvest and noted. After 45 and 90 days of storage, either with or without MAP, other 
measurements (fruit weight, fruit diameter, aril weights, juice content, and TSS) were done.
2.3. Statistical analysis
Data from the experiments were subjected to regression analyses to describe the relationship 
between fruit weight, number of arils, aril weight, and juice content. To determine the effects 
Effects of Size, Storage Duration, and Modified Atmosphere Packaging on Some Pomological Characteristics...
http://dx.doi.org/10.5772/67914
77
of storage condition and storage duration on the quality attributes of pomegranate fruits, the 
data of the experiments were subjected to an ANOVA, and mean separations were done using 
Duncan’s multiple range test at P < 0.05.
3. Results and discussions
3.1. Relationship between pomological characteristics of pomegranate fruits at harvest
A significant difference has been determined among the fruit sizes for five out of six tested 
pomological characteristics of pomegranate fruits at harvest (Table 1). The results for fruit 
weight and fruit width are expected due to the nature of the fruit size. As the fruit weight and 
width increase, the size decreases. Size represents the number of fruits present in the same 
box. The smallest fruit width and weight are noted for size 12 with 80.2 ± 1.00 mm and 250 
± 20.7 g, respectively. The highest fruit width and weight were determined for size 4 with 
118.1 ± 3.09 mm and 929 ± 50.3 g, respectively. Ref. [16] reported that the fruit weight of 12 
cultivars ranged from 103.4 to 505.0 g in Iran. In another study, Ref. [17] noted that the aver-
age fruit weight of four different varieties ranged from 241.1 to 319.8 g in Turkey. Fruit size 
is much related with cultivars/varieties, environmental conditions, and growing conditions. 
Therefore, it is not surprising to have diverse fruit weights.
On the other hand, a clear difference has been determined for the number of arils per fruit 
among the different sizes. It is an important result for farmers which shows that the fruit size 
is mainly affected by the number of arils present in the fruits. This proves that the adequate 
fertilization and pollination during flowering and fruit set are very important for fruits to 
include an adequate number of cells, which turns into arils during development. According to 
Ref. [18], some fruits have fewer than 300 arils per fruit and some have up to 985 in the largest 
fruits. Ref. [4] reported that the production of large fruits requires adequate numbers of both 
functional ovules and a source of viable pollen on flowers. Ovule differentiation in pomegran-
ates occurs before the opening of flower buds. For this reason, adequate pollination is crucial 
for fruit size and development.
Sizes Fruit width (mm) Fruit weight (g) Number of arils Aril weight 
(g/100 arils)
Juice content 
(ml/100 arils)
TSS (% Brix)
Size 12 80.2 ± 1.00 (e) 250 ± 20.7 (e) 331 ± 31.2 (e) 35.7 ± 3.06 (d) 19.3 ± 2.08 (d) 17.8 ± 0.76 (a)
Size 10 86.4 ± 1.89 (d) 354 ± 24.5 (d) 476 ± 32.7 (d) 43.3 ± 1.53 (c) 26.7 ± 1.53 (c) 17.9 ± 0.85 (a)
Size 8 95.6 ± 3.75 (c) 449 ± 18.4 (c) 589 ± 25.7 (c) 47.7 ± 3.06 (bc) 30.5 ± 2.18 (b) 17.5 ± 0.50 (a)
Size 6 112.0 ± 2.47 (b) 680 ± 68.6 (b) 752 ± 30.0 (b) 51.7 ± 2.31 (ab) 33.0 ± 2.69 (b) 17.7 ± 0.68 (a)
Size 4 118.1 ± 3.09 (a) 929 ± 50.3 (a) 860 ± 18.1 (a) 55.0 ± 2.00 (a) 37.1 ± 0.85 (a) 17.5 ± 0.50 (a)
Values followed by the same letter or letters are not significantly different at a 5% level (Duncan’s multiple range test).
Table 1. Summary of some pomological data of pomegranate fruits at harvest.
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Moreover, a significant difference has been determined among the aril weights of fruits for 
different sizes. This, on the other hand, shows that not only the number of arils but also the 
weight of arils is affecting the fruit size. No significant difference has been determined for the 
total soluble solids content of the fruits with different sizes.
At the first day of harvest, a clear relationship has been determined between the fruit weight and 
the aril weight (Figure 1). The adjusted R2 is calculated as 0.866. The results showed that as the 
fruit weight increases, the aril weight also increases. It is now possible to estimate the aril weight 
of a Wonderful cultivar pomegranate fruit at harvest by using the equation y = 0.025x + 32.95. In 
another study by Ref. [18], the relationship between fruit weight and total aril weight is described 
with the equation of y = 0.525x – 6.725 (R2 = 0.951). Similar relationship has been determined 
between the fruit weight and the juice content. The adjusted R2 is calculated as 0.858 for this 
relationship.
On the other hand, an important linear relationship has been determined between the fruit 
weight and the number of arils. One can estimate the number of arils of a Wonderful culti-
var pomegranate fruit from its weight by using the equation y = 0.754x + 199.2 (R2 = 0.948). 
Ref. [18] reported less relationship between the fruit weight and the number of arils with the 
 equation of y = 1.258x + 53.715 (R2 = 0.744). The variance of the fruit weight of the present 
study is higher than the variance of the study carried out by Ref. [18] which could be the main 
reason of the difference among the equations. Higher variation for the fruit weight increased 
Figure 1. Relationship between fruit characteristics in Wonderful cultivar pomegranate: (i) fruit weight vs. aril weight 
and juice content, (ii) fruit weight vs. number of arils, (ii) number of arils vs. aril weight or juice content, and (iv) aril 
weight vs. juice content.
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the reliability of the present study by having an improved adjusted R2. Since there is a clear 
relationship between the fruit weight and the number of arils, a significant linear relationship 
has been determined for the number of arils vs. the aril weight or juice content.
3.2. Relationship between pomological characteristics of pomegranate fruits after 
90 days of storage
Storage of fruits with or without MAP for 90 days caused a nonsignificant change in the 
relationship between fruit weight and aril weight (Figure 2). At the first day of harvest, the 
adjusted R2 for a linear regression was 0.866 which decreased to 0.854 with MAP and to 0.825 
without MAP. The relationship is found to be higher at the fruits stored with MAP than the 
fruits stored without MAP. Similarly, the relationship between the aril weight and the juice 
content had no significant change in 90 days of storage with or without MAP. These results 
confirmed that the changes in aril weight and juice content are in accordance with the changes 
in fruit weight. Although a significant change has been determined in fruit weight, aril weight, 
and juice content (Figure 3), those changes were found to be in accordance with each other.
3.3. Effects of storage conditions on some pomological characteristics of pomegranate 
fruit
Pomegranate fruit is very susceptible to weight loss due to the high porosity on the fruit, and its 
susceptibility is depending on storage conditions [9]. The present study revealed the effects of 
modified atmosphere packaging on the prevention of weight loss of pomegranate fruits. After 90 
days of storage, a significant difference has been determined on the percent reduction of weight 
loss between fruits stored without MAP and fruits stored with MAP (Figure 3). It is clear from 
the figure that the modified atmosphere packaging protects the fruit weight. The loss in the fruit 
weight without MAP is found to be between 6.70 and 14.28%. The results showed that the fruit 
size is also affecting weight loss. The bigger fruits showed higher losses. The weight loss of the 
biggest fruits (size 4) is found to be more than twofold of the smallest size (size 12), for both with 
MAP and without MAP storage. On the other hand, MAP significantly protected the weight 
of the fruits. The weight loss of fruits with MAP is found to be between only 2.64 and 6.24% 
in 90 days of storage. Findings of the present study are in agreement with Ref. [19] where they 
Figure 2. Relationship between fruit characteristics in Wonderful cultivar pomegranate 90 days after storage: (i) fruit 
weight vs. aril weight and (ii) aril weight vs. juice content.
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reported that the physical parameters of pomegranates were better when fruits were wrapped 
and refrigerated after 20 days of storage. They reported a weight loss for EPE-foam and polyeth-
ylene-film wrapped fruits as 0.8 and 0.98% which is about 4.97% for non-wrapped fruits at 20 
days of storage at 7.5℃. On the other hand, Refs. [20, 21] also noted that modified atmosphere 
packaging has a clear influence on the protection of the weight of pomegranate fruits.
No significant difference has been found for the fruit widths of pomegranate fruits after 90 
days of storage among different sizes. But, on the other hand, there is a significant influence 
of modified atmosphere packaging packaging on the fruit width, which protected the fruit 
width. The percent reduction in the fruit width is found to be between 4.34 and 7.27% for con-
trol fruits and between 2.58 and 3.94% for the fruits stored with MAP. The percent reduction 
in aril weight is found to be between 6.54 and 17.73% for the fruits stored without MAP for 90 
days. On the other hand, the fruits with same sizes which stored under MAP conditions had 
only 2.80–7.88% reduction in the aril weight. These results showed that the MAP has a clear 
effect on the protection of aril weight as in fruit weight. The other important result of the pres-
ent work is that the percent reduction in aril weight is increasing as the fruit size decreases 
(or fruit weight increases). The percent (%) reduction in juice content is found to be between 
10.34 and 21.29% for the fruits stored without MAP for 90 days. On the other hand, the fruits 
with same sizes which stored under MAP conditions had only 5.34–12.85% reduction in the 
juice content. These results showed that the MAP has a clear effect on the protection of juice 
content. These results are in accordance with the results for aril weight as expected.
Figure 3. Percent (%) changes in fruit characteristics in Wonderful cultivar pomegranate 90 days after storage: (i) fruit 
weight, (ii) fruit width, (iii) aril weight, and (iv) juice content.
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4. Conclusions
The results of the present study showed that there is a linear relationship between the fruit 
weight and the number of arils (R2, 0.948), the number of arils and the aril weight (R2, 0.973), 
and the aril weight and the juice content of pomegranate fruits (R2, 0.994). The results of the 
present study made it possible to estimate the number of arils, aril weight, and juice content of 
Wonderful cultivar pomegranate fruits by its fruit weight at harvest or after 90 days of storage 
with or without modified atmosphere packaging. The results also showed that the final fruit 
size of pomegranate fruits is not only related with the number of arils but also related with 
aril sizes. Understanding this phenomenon has important implications on cultural practices. 
The number of arils is mainly related with pollination and fertilization which occur during 
early fruit set and fruit development. Therefore, careful plant management is important dur-
ing this time of period for obtaining larger fruits. But it must be kept in mind that the final 
fruit size is not determined at that time and regular fertilization is also crucial to enlarge arils.
The important result of the present study is that the modified atmosphere packaging has a 
clear effect on the protection of fruit weight, aril weight, and juice content. The loss in the fruit 
weight after 90 days of storage is found to be between 6.70 and 14.28% without MAP and 
between 2.64 and 6.24% with MAP. Similar results have been determined for aril weight and 
juice content. Last but not least, an important finding of the present study indicated that the 
larger fruits show higher weight loss.
Author details
Hatice Serdar* and Serhat Usanmaz
*Address all correspondence to: hatice.serdar.1@gmail.com
European University of Lefke, Lefke, Cyprus
References
[1] Lye C and Rural Industries Research and Development Corporation of Australian 
Government. Pomegranate: Preliminary assessment of the potential for an Australian 
industry [Internet]. 2008. Available from: https://rirdc.infoservices.com.au/downloads/ 
08-153.pdf [Accessed: 04.08.16]
[2] Kahramanoğlu İ and Usanmaz S. Pomegranate Production and Marketing. 1st ed. Boca 
Raton, USA: CRC Press, Taylor & Francis Group; 2016. 148 p. ISBN: 9781498768504
[3] Morton J. Pomegranate. In: JF Morton, editor. Fruits of Warm Climates. 1st ed. Miami, 
FL: Florida Flair Books; 1987. pp. 352-355. ISBN: 9780961018412
Postharvest Handling82
[4] Holland D, Hatib K and Bar-Ya'akov I. Pomegranate: Botany, horticulture, breeding. In: 
J Janick, editor. Horticultural Reviews. 35th ed. Hoboken, NJ, USA: John Wiley & Sons, 
Inc.; 2009. pp. 127-191. DOI: 10.1002/9780470593776.ch2
[5] Adams F. Genuine Works of Hippocrates. 1st ed. New York, USA: William Wood and 
Co.; 1849. 466 p.
[6] Jurenka J. Therapeutic applications of pomegranate: A review. Alternative Medicine 
Review. 2008;13(2):128-144.
[7] Caleb OJ, Opara UL and Witthuhn CR. Modified atmosphere packaging of pomegranate 
fruit and arils. Food and Bioprocess Technology . 2012;5(1):15-30.
[8] Al-Mughrabi MA, Bacha MA and Abdelrahman AO. Effects of storage temperature 
and duration on fruit quality of three pomegranate cultivars. Journal of King Saud 
University. 1995;7(2):239-248.
[9] Elyatem SM and Kader AA. Post-harvest physiology and storage behaviour of 
pomegranate fruits. Scientia Horticulturae. 1984;24:287-298. DOI: 10.1016/0304-4238 
(84)90113-4
[10] Opara UL, Mahdoury AA, Al-Ani M, Al-Khanjari SA, Al-Yahyai R, Al-Kindi H, 
Al-Khanjari SS. Physiological responses and changes in postharvest quality attributes 
of ‘Helow’ pomegranate variety (Punica granatum L.) during refrigerated storage. In: 
International Conference of Agricultural Engineering; 31 August–4 September 2008; At 
Iguassu Falls City, Brazil. Bonn, Germany: International Commission of Agricultural 
Engineering (CIGR), Institut fur Landtechnik; 2008.
[11] Kazemi F, Jafararpoor M and Golparvar A. Effects of sodium and calcium treatments on 
the shelf life and quality of pomegranate. International Journal of Farming and Allied 
Sciences. 2013;2(S2):1375-1378.
[12] Farber JN, Harris LJ, Parish ME, Beuchat LR, Suslow TV, Gorney JR, Garrett EH and 
Busta FF. Microbiological safety of controlled and modified atmosphere packaging of 
fresh and fresh-cut produce. Comprehensive Review in Food Science and Food Safety. 
2003;2:142-160. DOI: 10.1111/j.1541-4337.2003.tb00032.x
[13] Fawole OA and Opara UL. Effects of storage temperature and duration on physiological 
responses of pomegranate fruit. Industrial Crops and Products. 2013;47(1):300-309. DOI: 
10.1016/j.indcrop.2013.03.028
[14] Bayram E, Dündar Ö and Özkaya OK. The effects of different packaging types on the 
cold storage ‘Hicaznar’ pomegranates (second year). In: M Erkan and U Aksoy, editors. X 
International Controlled and Modified Atmosphere Research Conference; 4-7 April 2009; 
Antalya, Turkey. ISHS Acta Horticulturae; 2010. DOI: 10.17660/ActaHortic.2010.876.25
[15] Mirdehghan SH and Ghotbi F. Effects of salicylic acid, jasmonic acid and calcium chlo-
ride on reducing chilling injury of pomegranate (Punica granatum L.) Fruit. Journal of 
Agricultural Sciences and Technologies. 2014;16(1):163-173.
Effects of Size, Storage Duration, and Modified Atmosphere Packaging on Some Pomological Characteristics...
http://dx.doi.org/10.5772/67914
83
[16] Akbarpour A, Hemmati K and Sharifani M. Physical and chemical properties of pome-
granate (Punica granatum L.) fruit in maturation stage. American-Eurasian Journal 
Agricultural & Environmental Sciences. 2009;6(4):411-416.
[17] Polat AA, Çalışkan O and Kamiloğlu O. Determination of pomological characteristics 
of some pomegranate cultivars in Dörtyol (Turkey) conditions. In: A D'Onghia, I Batlle, 
T Caruso, L Corelli Grappadelli, O Callesen, J Bonany, editors. XXVIII International 
Horticultural Congress on Science and Horticulture for People (IHC2010): International 
Symposium on the Challenge for a Sustainable Production, Protection and Consumption 
of Mediterranean Fruits and Nuts; Lisbon, Portugal. ISHS Acta Horticulturae; 2012.
[18] Wetzstein HY, Zhang Z, Ravid N and Wetzstein ME. Characterization of attributes 
related to fruit size in pomegranate. HortScience. 2011;46(6):908-912.
[19] Tabatabaekoloor R and Ebrahimpor R. Effect of storage conditions on the postharvest 
physico-mechanical parameters of pomegranate (Punica granatum L.). Asian Journal of 
Science and Technology. 2013;4(5):82-85.
[20] Arendse E, Fawole OA, Opara UL. Effects of postharvest storage conditions on phyto-
chemical and radical-scavenging activity of pomegranate fruit (cv. Wonderful).. Scientia 
Horticulturae. 2014;169(1):125-129. DOI: 10.1016/j.scienta.2014.02.012
[21] Oğuz Hİ, Şen F and Eroğul D. Güneydoğu Anadolu bölgesinde farklı lokasyonlarda 
yetiştirilen ‘Katırbaşı’ nar (Punica granatum L.) çeşidinin depolanma süresince bazı 
fiziksel ve biyokimyasal içeriklerindeki değişimlerin belirlenmesi. YYÜ Tarım Bilimleri 
Dergisi. 2014;24(3):309-316.
Postharvest Handling84
